Abstract: In order to investigate the deformation behavior of TiC-(5-15) mol% Mo composites at high temperature, crystals of various compositions were grown by the radio frequency (r.f.) floating zone melt technique and were deformed by compression test at temperatures from 1273 to 2273 K and at strain rates from 4.9 × 10 -5 to 6.9 × 10 -3 s -1
INTRODUCTION
TiC belongs to the group IVa transition-metal carbides, which crystallize in the NaCl-type structure and have as good thermal and electrical conductivities as metals. Their bonding is high in covalence, which is symbolized by the high hardness and the high melting point [1] . The strong covalent bonding causes them to be very brittle at ambient temperature, but as the temperature rises, the mobility of dislocations increases and they become ductile at high temperatures. TiC becomes plastically deformable above 1100 K [2, 3] and shows a yield point phenomenon which is the reflection of a high lattice friction [4] [5] [6] [7] . Above 1600 K, however, as a result of fast diffusion of carbon atoms, the strength decreases rapidly with rising temperature and the yield drop becomes faint [4] .
Against the remarkable decrease in strength at high temperatures, Williams [8] showed that the addition of a very small amount of B increases the high temperature strength. Further Hollox [9] found that the addition of TiC increases the high-temperature strength of VC more than the B addition. On the other hand, Shin [10] recently found that Mo addition induces a remarkable solution hardening in TiC.
In the present work, we grew crystals of TiC composite 
EXPERIMENTAL PROCEDURES
The starting materials, TiC powder with an average particle size of 1.55 μm (purity 99.3%) supplied by Mitsubishi Metals Co., Ltd., and Mo powder with an average particle size of 4.0 μm (purity 99.9%) supplied by Nippon Tungsten Co. Ltd., were mixed so that compositions of TiC-5 mol% Mo, TiC-10 mol% Mo and TiC-15 mol% Mo might be obtained, and were then isostatically pressed at 280 MPa for 60 s into rods 10 mm in diameter and 150 mm in length. These rods were degassed and pre-sintered by r. f. induction heating at about 1700 K for 3.6 ks under a vacuum of about 1 MPa and then fully sintered at 2700 K for 3.6 ks in a He-atmosphere of 0.15 MPa. Crystals were grown by the r. f. floating zone melt technique in a He-atmosphere of 0.25 MPa. The molten zone was moved upwards with the growing rate of 2 μm/s. The specimens were cut out from the crystals by a low-speed diamond cutter so as to have single slip orientations. They were fixed with wax in a jig, polished with emery paper of grades from #240 to #1500 and finally buffed with diamond paste. The final size of specimens was 2 mm × 2 mm × 3 mm.
The concentrations of Ti, Mo were determined quantitatively by EPMA (Shimazu Co. Ltd.,). In order to determine the site of Mo in the composites, the specific gravity and the lattice constant were measured. The result showed 922 Soon-Gi Shin that Mo atoms resolved substituting for Ti sites. Table 1 shows the compositions and lattice constants of the obtained three kinds of composites. The compression tests were conducted under a vacuum of 0.3 mPa at temperatures from 1273 to 2273 K and strain rates from 4.9 × 10 -5 to 6.9 × 10 -3 s -1
. The details of the testing machine, heating method and temperature measurement were the same as those described in the previous paper [10] . , and Fig. 2 shows the curves around the yield points of TiC-15 mol% Mo composites at various temperatures. For comparison, the curves of pure TiC [10] are also shown in Fig. 2 . It is seen from the figures that the deformation behavior in the composites in different among three temperature ranges. In the low-temperature range, a yield drop is observed and the work hardening after the drop is high.
RESULTS
In the intermediate-temperature range, no yield drop occurs, and from the beginning work hardening is high. In the high-temperature range, a yield drop occurs again and thereafter the deformation proceeds with almost a constant flow stress.
As seen from Fig. 1(a, b) and 2, for the strain rate of 5.9 × 10 Figure 3 shows the strain-rate dependence of the yielding behavior at those three temperatures. At 1373 K, as seen in (a), the yield drop occurs except at the lowest rate of 5.1 × 10 -5 s -1 and becomes more conspicuous as the strain rate increases. At 1673 K, the yielding behavior typical of intermediate temperature occurs at the lower strain rates but becomes the low-temperature type (yield drop) as the strain rate increases. On the other hand, at 2073 K, the yield drop of high-temperature type once increases as the strain rate increases, but decreases with further increase in the strain rate and disappears at the strain rate of 5.3 × 10
, which shows that the yielding behavior becomes the intermediate-temperature type at that strain rate. These results show that the boundary temperature between the ranges becomes higher as the strain rate increases.
In order to clearly show the strain-rate dependence of the temperature ranges, the conditions for the yield drop to be observed are plotted as white circles (○) and those for no yield drop as black circles (•) in a diagram of logarithm of strain rate (ε), and the reciprocal of homologous temperature (T m /T, T m is the melting point) and shown in Fig. 4 . The lines are the boundaries. As seen from the map, the strain-rate dependence of the boundary temperature is different between the two boundaries.
